Introduction
There are different reasons why central banks are interested in macroeconomic forecasts of professional economists and conduct their own surveys among them (so-called Surveys of Professional Forecasters). First of all, professional economists are capable to make informed, forward-looking forecasts. Observing them provides central banks with a crosscheck of their own macroeconomic projections. Interactions between central bank economists and outside forecasters can improve the understanding of macroeconomic prospects and ability to predict them by both groups of economists. Another benefit for central banks is that financial sector agents are capable to make long-term forecasts, with the horizon consistent with the lags in the monetary transmission mechanisms or even longer. Especially direct measures of long-term inflation expectations are needed for central banks since they are helpful in assessing central bank credibility. Finally, forecasts produced by professional economists can exert a strong influence on expectations of economic agents less specialized in macroeconomic forecasting (consumers, producers).
The results of empirical studies that exploit inflation forecasts of professional economists confirm their usefulness in forecasting inflation. E.g., Mehra (2002) shows that although US professional forecasters make biased inflation forecasts (i.e. inflation expectations are statistically different from actual inflation on average), they adequately process available information on inflation, output gap, money growth and oil prices. Trehan (2010) demonstrates that inflation forecasts from the US Survey of Professional Forecasters are more accurate than forecasts from statistical models (random walk forecast, UC-SV models) and forecasts based on lagged headline and core inflation. Mixed evidence concerns their superiority over forecasts based on the Phillips curve. It seems that professional forecasters rely too much on recent inflation figures while forming their inflation expectations, which leads to deterioration of forecasting accuracy of those measures. Scheufele (2011) shows that a model using economic experts' survey expectations in Germany outperforms most of the competing models, such as: AR, ARMA, random walk or Phillips curve models.
Another factor making direct measures of inflation expectations important for central banks is their role in actual price formation, as confirmed in empirical studies estimating different versions of the Phillips curve using those measures as proxies for inflation Introduction N a t i o n a l B a n k o f P o l a n d 4 1 3 expectations in the economy. E.g., Henzel and Wollmershaeuser (2006) Moreover, the tools used to present survey results and interpret them from the point of view of expectations' analysis and macroeconomic forecasting are also different.
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Methodological novelties introduced in the design of the NBP SPF result from the conclusions of some recent empirical studies that compare macroeconomic point and probabilistic forecasts in the surveys carried out by the Fed (Engelberg et al. 2009a) , the Bank of England (Boero, Smith, Wallis 2008a; Boero, Smith, Wallis 2008b ) and the European Central Bank (Bowles et al. 2007) as well as from studies analysing different aspects of assessment of subjective probability (e.g. Tversky and Kahneman 1974; Savage 1971; Hogarth 1975; Cooke 1991 ).
The paper is organized in the following way. Section 2 describes methodological foundations of the NBP SPF as well as details of its design. We attempt to show how the drawbacks of existing surveys of this kind, as indicated in the literature, are solved in the construction of the NBP SPF. They should make the questionnaire more user-friendly to potential participants, and -most importantly -increase reliability of the results. Section 3 is devoted to preliminary interpretations of the results of the NBP SPF. After an overview of the data, we analyse how macroeconomic forecasts developed and illustrate the usefulness of the NBP SPF in analysing central bank credibility. It should be stressed that due to the short period covered by the NBP SPF (only 4 surveys has been carried out so far) the analysis is rather descriptive and its results are tentative. The last section concludes the study.
Methodology of the NBP Survey of Professional Forecasters
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Drawbacks of standard surveys of professional forecasters
Methodology of existing surveys of professional forecasters displays some weaknesses, both in the case of point and probabilistic surveys. As far as the former ones are concerned, empirical testing of a consistency between subjective probabilistic forecasts and point forecasts declared by experts in surveys shows that the interpretation of the point values provided by respondents is problematic (Engelberg et al. 2009a , Boero et al. 2008 ). Experts asked for point forecasts synthesize their subjective probability distributions in different ways (ECB 2009 -2007Q4: <0%, 0 to 0.4%, 0.5 to 0.9%, 1.0 to 1.4%, 15 to 1.9%, 2 to 2.4%, 2.5 to 2.9%, 3 to 3.4%, >3.5%; -2009Q4: <-2%, -2% to -1.6%, -1.5% to -1.1%, -1% to -0.6%, -0.5% to -0.1%, 0-0.4%, 0.5-0.9%, 1.0-1.4%, 15-1.9%, 2-2.4%, 2.5-2.9%, 3-3.4%, 3.5% to 3.9%, >4.0%.
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Another problem, for a long time neglected in studies on expectations and uncertainty, is the need to distinguish between intrapersonal (internal, personal) uncertainty from interpersonal uncertainty, resulting from the differences of opinions (Zarnowitz and Lambros 1983) . The high degree of compliance of individual forecasts does not necessarily reflect a low level of uncertainty faced by individual experts while formulating their opinions, and vice versa. Moreover, the standard way of presenting group forecast, i.e. aggregated histogram, leads to mixing these different types of uncertainty and makes it impossible to identify them (for discussion see e.g. Boero et al. 2008a, Giordani and Soderlind 2003) .
To avoid the problems outlined above, in the NBP Survey of Professional Forecasters each expert is asked to consider various scenarios of macroeconomic developments and assess a possible range of values of a given variable, indicating the limits of a 90-percent probability range laying between the 5 th and 95 th percentile of her/his subjective (personal) probability distribution as well as the median of this distribution. It should be underlined that meaning of this distribution is strictly defined as the reflection of experts' beliefs on different macroeconomic scenarios they are asked to consider. It is neither an estimate of the objective probability distribution of a given variable (we treat macroeconomic variables as unknowns, not stochastic), nor a distribution describing experts' past forecast errors or the forecast errors of the models they use. As pointed out by Kowalczyk (2010) , asking experts about the probability distribution of inflation would be justified if we could assume that future inflation (in a given horizon), is a random phenomenon, which is subject to a certain unknown law of probability, that expert is able to identify. Focusing probabilistic questions of the survey on the distribution resulting from past forecast errors would depend on experts' self-assessment of their forecasts' errors. So it seems adequate to accept the interpretation, according to which experts should determine their uncertainty about various scenarios concerning macroeconomic developments in the future. 3 Such an approach seems also to be consistent with the intentions of the creators of the ASA-NBER survey (Zarnowitz and Lambros 1983) , which became a benchmark for all the surveys of professional forecasters.
Methodology of the NBP Survey of Professional Forecasters
N a t i o n a l B a n k o f P o l a n d The shift up/down of the points informs about increase/decrease of experts' uncertainty while making predictions ( Figure 1B ).
4 By subjective probability we mean probability which reflects personal beliefs about specific outcomes. It refers to uncertainty due to imperfection of knowledge and is an attribute of a person, not phenomenon he/she describes. For discussion see e.g. Kowalczyk (2010) . As a consequence, expert subjective distribution should be assessed as good, if properly reflects his/her beliefs. 
Deriving the aggregated probability function
As mentioned above, aggregated distributions should not be regarded as consensual forecasts and therefore they should rather play a complimentary role in analysing
Methodology of the NBP Survey of Professional Forecasters N a t i o n a l B a n k o f P o l a n d 12 2 11 expectations. However, their usefulness in forecasting, i.e. obtaining objective probability of some uncertain events, is beyond doubt. In our opinion, employing survey data in these two distinct areas, i.e. in analysing expectations and macroeconomic forecasting, requires different treatments of the data. Analysis of expectations requires experts' opinions to be reflected in the most accurate way, i.e. they should not be subject to many additional transformations. In the case of macroeconomic forecasting, survey outcomes can be processed with the aim of achieving the best forecasts (e.g. it seems reasonable to correct possible biases and differences in quantifying probability by experts -see section 2.4.2).
Aggregation with equal weights
Deriving aggregated probability distributions in the case of the NBP Survey of Professional
Forecasters is slightly more difficult than averaging histograms, since it requires fitting probability densities to each expert's assessment. The method proposed by Cooke (1991) is applied and the distribution with the minimum information (maximum entropy) is fitted. 
The distribution with minimum information, which satisfies the expert's quantiles is uniform between these quantiles. Figure 3A presents an example of the cumulative distribution and Figure In the second step individual probability distributions are aggregated ( Figure 4 ). Formally,
denotes the probability density function for the forecasted variable (CPI, GDP growth or the NBP reference rate) provided by expert i e , then the aggregated distribution that results from combining forecasts of N experts, takes the following form:
This simple arithmetic average of expert's probability distributions has many useful properties (see: Clemen and Winkler, 1999) and describes the following hierarchical stochastic model of making decisions: in the first step an expert is randomly selected with probability N 1 , while in the second step, the value of the variable of interest is randomly drawn according this expert's distribution. 
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We apply triangular approximation for each individual inflation forecasts presented by experts in the 1 st quarter 2012 and aggregate these densities by pooling. Figure 6 illustrates differences between resulting aggregated distributions (triangular versus piece-wise uniform) for the horizon of 8 quarters. The choice of type of individual distribution had no noticeable effect neither on median nor on mean. The 50% probability interval and the probability of future inflation being within the range of permitted deviations from the NBP inflation target, i.e. [1.5%, 3.5%], are influenced by alternative assumptions concerning the distribution type to a little extent. Greater differences are observed in the case of 90% probability intervals -for (Table 2) . 
Aggregation with performance-based weights
It remains an open question, whether equal "weighting" is optimal in the case of heterogeneity of experts. Experts have to quantify their uncertainty, and might to do that in different ways. Some of the experts might be overconfident, which would lead to underestimation of macroeconomic uncertainty, while the others, excessively cautious, can overestimate uncertainty. Significantly different variances of individual distributions might also lead to the interpretation problems. For instance, multimodality of the aggregated distribution shown on Figure 7 results not from the fact that there are two groups of experts with different views, as might be expected, but it is a consequence of a small IQR accompanying the lowest central forecast. As in traditional SPFs, the form of the aggregated probability distribution obtained by equal weighting scheme is influenced both by intrapersonal and interpersonal uncertainty, but contrary to the former ones we are able to assess the impact of these components by analysing the scatter graphs. After the NBP SPF covers longer period (so far only 4 quarterly surveys has been conducted), we plan to apply the Cooke's "classical model"
(1991) for combining individual probability distributions. It will solve, at least to some extent, problems resulting from heterogeneity of experts. The Cooke's "classical model", which we describe below in a simplified manner, is widely used in engineering and natural sciences for combining expert judgements.
In the Cooke's method, the aggregated distribution is a mixture of individual distributions with weights, which are a product of two indicators: calibration score and information score. Those scores are calculated using experts' responses to questions about a set of socalled seed variables (unknown for experts and known for persons conducting elicitation).
In the case of the NBP SPF the historical forecasts with known outcomes can play a role of seed variables. The lower is the distance, the higher is the calibration score.
The calibration score is a p-value of a statistical test of the hypothesis that the expert is calibrated. To test this hypothesis the fact is used that, if the realizations are drawn from expert's distributions corresponding to his quantiles given for K seed variables, the statistic: Boxplots in Figure 5 show distribution of interquantile ranges, based on percentiles declared by experts, for each forecasted variable (for all forecast horizons in surveys from 2011Q4 to 2012Q2). As seen on the left panel, presenting IQRs for all experts together, the narrowest ranges of possible realizations were stated for the NBP reference rate -median IQR amounted to 1 p.p., while the widest for GDP growth with median IQR of 2 p.p.
Moreover, the IQRs for interest rate were the least, and for GDP growth the most diversified: the 50% middle values of IQRs, confine between 0.6 and 2.6 p.p. for inflation, 0.9 and 3.5 p.p. for GDP growth, 0.5 and 2.5 p.p. for interest rate.
5 As we have hardly any realizations of the forecasted variables, we cannot assess experts' heterogeneity with respect to outcomes. We measure skewness of individual subjective distributions in terms of quantiles, using the fact that in case of symmetry the 95 th and 5 th percentiles are equally distant from the 6 The caution is that some experts participated only in one or two surveys (see Table 3 ). However, this observation is also true if we consider only these forecasters who took part in all survey rounds. e02  e03  e04  e05  e06  e07  e08  e09  e10  e11  e12  e13  e14  e15  e16  e17  e18  e19  e20  e21  e22 e02  e03  e04  e05  e06  e07  e08  e09  e10  e11  e12  e13  e14  e15  e16  e17  e18  e19  e20  e21  e22 e02  e03  e04  e05  e06  e07  e08  e09  e10  e11  e12  e13  e14  e15  e16  e17  e18  e19  e20  e21  e22  e23 IQR IQR BY EXPERT
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As presented in Table 3 , more than half of individual subjective distributions are asymmetric, with the greatest share, equal to 59%, for GDP growth. Also in this case there is a vast heterogeneity among forecasters: some of them almost always indicated symmetric intervals (e.g. e010, e018), others almost always asymmetric (e.g. e04, e21).
Indication of symmetric intervals surrounding central forecast by some of respondents can reflect scenarios of macroeconomic developments considered by experts, but it can also result from assessing uncertainty on the basis of past forecast errors that would be incompatible with the concept of uncertainty adopted in the survey design.
Distributions of non-zero asymmetry coefficients for inflation, GDP growth and reference rate are presented in Figure 6 . The asymmetry of individual subjective distribution of future inflation and GDP growth is not strong -the quantile coefficient of skewness rarely exceeds +/-0.4. When it comes to direction of skewness, inflation forecasts are rather positively skewed, while of GDP growth -negatively. 7 This would mean that forecasters expect greater risks of higher inflation and of lower GDP growth. On the contrary, for reference rate the number of positively and negatively skewed distributions is about equal.
Also for this variable, there are more strongly skewed individual subjective distributions, with some cases with central forecast being equal to the 95 th or 5 th percentile. 8 7 Bowles et al. (2007) observed also positive skewness of inflation and negative skewness of GDP growth forecasts, but in the aggregated distributions. 8 Such a situation happened in the two last surveys in the case of interest rate forecasts. Due to the fact that such a distribution do not exist, we interpret this result as a mistake of an expert and exclude from the sample in the further analysis. 
Analysis of expectations -one-dimensional vs. two-dimensional approach
In this section, analysing results from the first three NBP surveys, we aim to present how the design of survey, by including information about two dimensions of expectations, enhances possibilities of interpretation of expectations. In the first place, we describe development of forecasts of inflation, GDP growth and reference interest rate during last year, with a special interest in uncertainty and disagreement measures. Secondly, we show how this data might be used to asses central bank credibility. There was no consensus among forecasters also with respect to the NBP reference rate next year. Four experts out of 17 expected it to remain on the current level (4.5%), while the rest predicted monetary easing, even to 3.75%. As in the case of inflation and GDP growth, the level of uncertainty was very diverse, but generally high.
Development of expectations
High level of uncertainty and disagreement among forecasters about future development of Polish economy during this survey probably steamed from intensifying of tensions on international financial markets associated with sovereign debt crisis in the euro area at that time, which affected Poland through the exchange rate. Moreover there were some unfavourable signals about future domestic economic activity, as well as worsening of economic outlook in the euro area.
Looking on the first column of Figure 7 , presenting inflation forecasts for 2012 in three consecutive surveys, one notice, that after initial variation of views described above a consensus was formed. These changes were reflected also in the aggregated forecast: median of the aggregated distribution in 2 nd quarter 2012 amounted 3.8% comparing to 3.4% in 4 th quarter 2011, and the range of 50% probability narrowed to 3.6 -4.1% from 3.0 -4.1% (see Table 4 ).
If one consider only the medians of central forecasts of GDP growth, presented as dotted vertical lines in the second column of scatter graphs, he would conclude that in the analysed period expectations of future economic activity remained constant at 3.0%.
However, if one takes under consideration disagreement and, especially, the uncertainty measure, he will get much richer information. In the second survey experts became more unanimous about future economic activity and more certain of their predictions. These 9 Apart from economic factors, like some mitigation of the turmoil in the global financial markets at the beginning of 2012, affecting forecasts in this period, forming a consensus was facilitated by shortening of the length of forecasting horizon.
Interpretation of the results of the NBP SPF N a t i o n a l B a n k o f P o l a n d GDP growth. In terms of the aggregated distribution, in the analysed period the median dynamics of GDP forecasted for 2012 decreased from 3.1% to 2.9%, and 50% probability interval shifted from 2.4-3.6% to 2.7-3.3% (Table 4) Interpretation of the results of the NBP SPF N a t i o n a l B a n k o f P o l a n d 28 3 27 3.0 -4.1 3.3 -4.1 3.6 -4.1 2.4 -3.6 2.7 -3.4 2.7 -3.3 4.0 -4.6 4.3 -4.6 4.6 -4.8 90% probability 1.9 -5.3 2.7 -4.1 2.9 -4.6 0.1 -4.7 1.5 -4.6 1.8 -4.2 3.3 -5.3 3.8 -5.1 4.1 -5.2
Source: NBP SPF. . Despite the fact that these two characteristics represent different theoretical concepts, as pointed out by Zarnowitz and Lambros (1983) forecasts of 5-year average was lower than on predictions in two-year horizon. As pointed 11 Other measures useful in assessing disagreement among forecasters, employed in the literature are: standard deviation of central forecasts, quasi standard deviation or mean absolute difference in medians (see: e.g. Giordani and Soderlind 2003 , Boero et. al 2008b , Engelberg et al. 2006 . We decided to use interquartile range of medians, as this characteristic is readily read from the scattergraphs and gives similar results as other measures.
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28 out Giordani and Soderlind (2003) , disagreement among forecasters results from different information set and methods of processing data. Since evidence relevant for forecasting in such a long horizon is very limited, it seems reasonable that experts views are not very diversified. 
Assessing central bank credibility
The need to monitor long-term inflation expectations of professional forecasters that are SPF experts seem to be less affected by changes in current inflation than their shortterm inflation forecasts. For example, the increase of current CPI inflation between the 1 st and the 2 nd round of the NBP SPF had no effect on 8-quarter inflation forecast and the average predicted inflation in 4-5 years even decreased (Figure 8 ).
14 There are also other measures that can be calculated on the basis of the NBP SPF, such as the quantiles of implied individual forecast distributions corresponding to the NBP inflation target (2.5%) or probabilities of future inflation being within the range of permitted deviations from the NBP target (1.5%, 3.5%) based on implied individual forecast distributions. showing changes in short-and long-term forecasts it can be observed than in majority of cases long-term forecasts were less volatile than the short-term ones (Figure 11 .B).
Interpretation of the results of the NBP SPF N a t i o n a l B a n k o f P o l a n d Interpreting the results of the NBP SPF we can observe that in the analysed period -too short to make any final conclusions -inflation forecasts of the NBP SPF experts seemed to be in line with the concept of anchored expectations, however, the anchor was slightly above the NBP inflation target.
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Conclusions
The literature referred to in the paper suggests that relying on point forecasts may lead to invalid interpretations, because of different meanings of point forecasts declared by individual forecasters. In analysing macroeconomic forecasts there is a need to observe not only point forecasts, but also uncertainty faced by experts. It seems especially important in the present time of huge uncertainty in the global macroeconomic environment. For those reasons, the use of probability forecasts should be preferable. At the same time it is necessary to take into consideration difficulties experts can face in the quantification of uncertainty and distinguishing between objective and subjective probability. In terms of using the NBP SPF outcomes we follow the principle of a distinct treatment of data in two different areas of their use. In the analysis of expectations experts' forecasts should be presented in the way fully consistent with subjects' responses. Therefore scatter graphs are perceived as the most accurate way of analysing expectations, while aggregated distributions, and in particular their point characteristic, should be treated cautiously while analysing expectations.
In the case of macroeconomic forecasting survey data can be processed with the aim of achieving the best forecasts. It can be reasonable to construct aggregate forecast distributions based on percentiles provided by individual forecasters. Aggregated distributions can be derived either with equal weights attached to approximated individual forecast distributions or -in order to address the problem of heterogeneity of experts and personal biases -with differentiated weights, based on calibration and information scores (Cooke 1991) . As far as individual forecasts distributions are concerned, we approximate them with the use of the piece-wise uniform distributions. As shown in the paper, applying Guidelines on completing the form The survey concerns projections related to selected macroeconomic variables in different time horizons. For quarterly year-on-year indices these are the next year and the year following it. For annual indices, we ask about the current year and the following two years, and for some variablesadditionally about the nearest five years. The main questions of the survey are provided in the part A of the questionnaire. They concern CPI inflation and GDP growth. In the part B, we ask for complementary forecasts.
Questions related to CPI inflation, GDP growth and the NBP reference rate are probabilistic. We would like you to consider possible macroeconomic scenarios, think about how probable they are according to your subjective assessment and provide the central forecast and the range of possible values on the basis thereof.
The central forecast
is the value for which the occurrence of lower and higher values is equally probable. Put it another way, it is the median (50th percentile) of your subjective probability distribution. It is marked with "50" index (INF 50 for the median of the CPI inflation forecast, GDP 50 for the median of the GDP forecast, REF 50 for the median of the NBP reference rate forecast).
The range of forecasted values
is an interval to which you assign the probability of 0.9 and the probabilities of the occurrence of values below its lower and upper endpoints are each 0.05. Therefore, the lower endpoint of the interval is the 5th percentile and the upper endpoint -the 95th percentile of your subjective probability distribution. 
